Introduction
KAATSU training is a novel method for muscle training, originally developed by Sato (2005) . Unlike the hemostasis achieved by the use of a tourniquet which completely stops both the artery and vein, the KAATSU training is performed by moderate blood flow restriction using a specially designed belt; it is carried out while pooling the blood in the upper or the lower limb. Previous studies have shown that KAATSU training with various types of load resistances (such as weight, machine, and elastic band) is effective in rehabilitation medicine and health enhancement (Abe et al., 2006; Yasuda et al., 2014; Yasuda et al., 2015) . At present, various subjects such as athletes, healthy persons, and elderly persons have performed KAATSU training, and KAATSU training is being widely used all over the world.
Since the Japan KAATSU Training Society was established in 2004, academic research on KAATSU training has widely increased progressively in Japan. In 2006, Nakajima and colleagues examined the use and side effects of KAATSU training. They sent out questionnaires by postal mail, as a national survey, and obtained results from KAATSU leaders or instructors from a total of 105 facilities where KAATSU training has been adopted (Nakajima et al., 2006) . Their study concluded that despite the fact that KAATSU training has been widely practiced at various facilities, it does not induce side effects such as serious complications.
According to the search engine results in PubMed, the number of academic research studies regarding KAATSU training has increased dramatically from 2006 to 2016. In addition, since prevention and treatment effects of KAAT-SU training for diseases can be expected, case reports on the use of KAATSU in the clinical setting for patients with various diseases have also been reported (Hughes et al., 2017) . As a result, there is a high possibility that the Use and safety of KAATSU training: Results of a national survey in 2016 Tomohiro Yasuda 1, 2) , Miwa Meguro 3) , Yoshiaki Sato 4) , Toshiaki Nakajima 2, 5) [Purpose] We examined the use and safety of KAATSU training by a national survey in 2016.
[Methods] We provided a questionnaire survey (web input) to attendees of the annual academic meeting of the Japan KAATSU Training Society and on the website of the academic society on October 29, 2016. The reply deadline was set at to about approximately 2 months.
[Results] Responses were received from KAATSU leaders or instructors of 232 facilities. KAATSU training has been applied for various types of situations; health promotion (87% of total facilities), diet (85%), beauty and anti-aging (70%), increase of muscle strength (71%), muscle hypertrophy (72%), and improvement of sports performance (53%), and for other situations. In addition, it has been used for rehabilitation (38%); orthopedic disease (38%), obesity (17%), diabetes (12%), cerebrovascular disease (11%), cardiovascular disease (8%), depression (7%), infertility (6%), neuromuscular diseases (5%), and immune diseases (3%). The ratio of the effectiveness or improvement of more than five tenths accounted for 92% of the total. The specific symptoms noted were as follows: dizziness, subcutaneous hemorrhage, drowsiness, numbness, nausea, itchiness and others. There were no serious side effects, such as cerebral hemorrhage, cerebral infarction, thrombosis, or rhabdomyolysis.
[Conclusion] Facilities under the guidance of appropriate KAATSU training leaders or instructors can achieve safe and beneficial effects, regardless of subject age, gender, or physical condition in 2016 just as back in 2006. symptoms aimed to be improved with the use of KAAT-SU training have become diversified in the last 10 years. Thus, we examined the use and safety of KAATSU training via a national survey in 2016.
Methods
Leaders and instructors of facilities belonging to the Japan KAATSU Training Society were asked to participate in this study.
We provided a questionnaire survey (web input; Google Form, Google company) by the annual academic meeting of the Japan KAATSU Training Society (oral message) and the website of the academic society (document message) on October 29, 2016. The reply deadline was set at approximately 2 months (until December 31, 2016).
We extracted the contents on facilities, subjects, effects or improvement, side effects from the KAATSU training national survey in 2016. The contents of the questionnaire survey used in this study are listed in Table 1 .
This research was conducted based on the consent of the Japan KAATSU Training Society. In accordance with the Declaration of Helsinki, numbers were collected for individuals in data collection, but personal information of the individuals was not identified.
Results
We obtained replies from KAATSU leaders or instructors of 232 facilities. As for the classification of facilities, the sum of "personal trainer and KAATSU training instructor" (108 facilities), "sports club and fitness club" (55 facilities) and "bonesetters' and osteopath's offices" (25 facilities) accounted for 81% of the total ( Figure 1A ). Most of the facilities (84%) have started KAATSU training within the last decade ( Figure 1B) .
According to the results of the questionnaire, we can speculate that the subjects of 232 facilities were 12,827 persons (from November to December, 2016), which consisted of male (3,858 persons: 30.1%) and female (8, 969 persons: 69.9%) subjects. Figure 2 shows the age of persons who have received KAATSU training. The training was distributed over a wide range of ages. In particular, persons from age 20s to 60s (53% in their 20s, 81% in their 30s, 91% in their 40s, 81% in their 50s, and 65% in their 60s) were presented more than half of all facilities. Figure 3 shows the number of the facilities classified by the object of KAATSU training ( Figure 3A ) and the purpose of the use of KAATSU training with regard to symptoms ( Figure 3B ). As illustrated in Figure 3A , KAATSU training has been applied for various kinds of conditions; Figure • , and for other conditions. In addition, it has also been used for rehabilitation (89 facilities: 38%); orthopedic disease (88 facilities: 38%), obesity (39 facilities: 17%), diabetes (28 facilities: 12%), cerebrovascular disease (26 facilities: 11%), cardiovascular disease (18 facilities: 8%), depression (17 facilities: 7%), infertility (15 facilities: 6%), neuromuscular diseases (11 facilities: 5%), immune diseases (8 facilities: 3%) and others ( Figure 3B ). Furthermore, it has been found that 26 facilities are applying KAATSU for patients with designated intractable diseases ( Table 2) . As for the specific contents of the KAATSU training, body weight (214 facilities: 92%), barbell or dumbbells (200 facilities: 86%) and others are shown in Figure 4A . Figure 4B and 4C show the distribution of the facilities classified by the training frequency and duration of KAATSU training. Most of the facilities have been applying once a week training (218 facilities: 94%) and more than half of all the facilities have been applying the training twice a week (149 facilities: 64%) ( Figure 4B ). Regarding the length of each training time, the answers of 20-30 minutes (102 facilities: 44%) and 30-40 minutes (91 facilities: 39%) were frequently found ( Figure 4C ).
In each training session, most of the facilities have been applying interviews (226 facilities: 97%) and more than half of the facilities have been testing blood pressure (165 facilities: 71%) ( Figure 5A ). Before the first KAATSU training exercise, most of facilities have been applying an interview (231 facilities: 100%) and more than half of the facilities have been testing blood pressure (186 facilities: 80%) and heart rate or pulse rate (133 facilities: 57%) ( Figure 5B) . As for the response regarding the ratio of anthropometric measurements or physical fitness tests as "yes" (82 facilities: 35%) and "yes, but not regular" (79 facilities: 34%) accounted for 69% of the total ( Figure 5C ). Regular evaluation of the measurements and the tests was Figure 5D ). The specific contents of the measurements and the tests were as follows: body composition (118 facilities: 51%), body weight (99 facilities: 43%), interview (81 facilities: 35%), blood pressure (66 facilities: 28%), heart rate or pulse rate (56 facilities: 24%), girth (45 facilities: 19%), physical fitness test (33 facilities: 14%) and others ( Figure 5E ). The ratio of the effectiveness or improvement of more than five-tenths accounted for 92% of the total ( Figure  6A ). The specific contents of effectiveness or improvement of KAATSU training were as follows: muscle hypertrophy (178 facilities: 77%), increase muscle strength (170 facilities: 73%), stiff shoulder improvement (170 facilities: 73%), weight loss (169 facilities: 73%), beautiful skin (133 facilities: 57%), low back pain improvement (133 facilities: 57%), pain improvement (124 facilities: 53%) and others ( Figure 6B) .
The specific contents of the symptoms were obtained as follows; dizziness (85 facilities: 37%), subcutaneous hemorrhage (73 facilities: 31%), drowsiness (58 facilities: 25%), numbness (35 facilities: 15%), nausea (34 facilities: 15%), itchiness (32 facilities: 14%) and others. On the other hand, there were no answers about major side effects such as cerebral hemorrhage, cerebral infarction, thrombosis, or rhabdomyolysis (Figure 7 ).
Discussion
Most of the facilities obtained a sufficient training effect by KAATSU training. In addition, some symptoms were present following KAATSU training, but there was no serious symptom. Thus, considering that academic papers and facilities concerning the KAATSU training have progressively increased in the last 10 years, the facilities under the guidance of appropriate KAATSU training leaders or instructors can produce beneficial effects and safely regardless of age, gender, and physical conditions.
In this study, there were many female subjects in the age range of 30-50s. The subjects had the main characteristics of physical condition (healthy persons), type of exercises (body weight, barbell and dumbbell), frequency (1 to 2 times a week), and purpose (health promotion and diet). More than 80% of the facilities started KAATSU training after the questionnaire survey in 2006; sports facilities and clinics (bonesetters' and osteopath's offices) accounted for 81% of the total. In addition, an estimated 12,827 sub- jects included patients with various diseases as well as healthy persons. Similar to the previous study (Nakajima et al., 2006) , this study demonstrated that the KAATSU training has beneficial effects and it is safe for orthopedic disease ( Similar to the previous study (Nakajima et al., 2006) , the symptoms such as dizziness, subcutaneous hemorrhage and numbness were reported, but there were no serious side effects (i.e., pulmonary embolism and paralysis by nerve compression). In addition, the previous study reported there was one report on cerebral hemorrhage and rhabdomyolysis, but in the present study, there were no serious severe symptoms (i.e., cerebral hemorrhage, pulmonary infarction, cerebral infarction, venous thrombosis, or rhabdomyolysis). This means that the KAATSU training by proper training leaders and instructors can achieve beneficial effects without serious side effects. On the other hand, a recent study (Tabata et al., 2016) reported a risk of rhabdomyolysis by the KAATSU training, however there was no detailed description on the KAATSU training method; it reported that the rhabdomyolysis occurred as a result of KAATSU training with a training instructor. Therefore, the KAATSU training leaders and instructors should maintain / improve their knowledge and skills by participating in academic conferences and reading scientific papers on the KAATSU training. Furthermore, periodic tests (interview and others) are important to maintain the safety of subjects. It is not a serious side effect, but the symptoms of drowsiness, nausea, and headache were given in responses. It can be speculated that these symptoms were induced by the vagal nerve reflex (Iida et al., 2007) . Therefore, it is necessary to confirm the cause (i.e., excessive pressure intensity and strong stress) by KAATSU training. However, 3 facilities answered "None" in the question of "What is the factor that determines pressure intensity for KAATSU training?" "What is checked each time when doing KAATSU training?". In addition, 71 facilities (31% of the total) answered "None" in the question of "Are you doing regular physical measurements or tests?". Consequently, it appears that these situations are major factors, which cause various symptoms. Therefore, these symptoms will decrease dramatically if the KAATSU leaders or instructors check the KAATSU pressure intensity at every session and carry out the periodic test regularly (Nakajima et al., 2007) .
There were some differences between this study and previous study in the collection process (web input vs. mail) and subjects (limited to members vs. not limited to members of Japan KAATSU Training Society). In addition, the contents of the questionnaire survey are partially revised and added in this study. Therefore, it is necessary to pay attention to the interpretation, when we compare the results of questionnaire survey between in 2006 and in 2016.
In conclusion, the facilities where appropriate KAATSU training leaders or instructors can safely produce beneficial effects regardless of age, gender, and physical conditions were noted in 2016 as well as in 2006.
